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ABSTRACT 

This report discusses Senate Bill no. 272, which 
provides for a coordinated federal research and development program 
to ensure continued U.S- leadership in high-performance computing* 
High performance computing is defined as r-apresenting the leading 
edge of technological advancement in computing, i.e., the most 
sophisticated computer chips, the fastest computers with the largest 
memories, the fastest algorithms, and the fastest computer networks. 
This report documents the t>ackground of the bill, the growth of fiber 
optic networks, and prior administrative and congressional action^ A 
summary of the major provisions of the bill precedes analyses of each 
of the 10 sections of the bill, including the National 
High-Performance Computing Program, the role of the National Research 
and Education Network (NREN), the goal of the National Aeronautics 
and Space Administration (NASA) , the role of the National Institute 
of Standards and Technology (NIST) , the role of the National Science 
Foundation (NSF) , and the continuing development of supercomputers in 
light of international competition. The report concludes with the 
presentation of new materials in 272 that would change the 
provisions of Title VII of the National Science and Technology 
Policy, Organization and Priorities Act of 1976. (DB) 

« Reproductions supplied by EDRS are the best that can be made 
* from the original document. 
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HTCH-PERFORMANCE COMPUTING ACT OF 1991 



May (legislative day, Apku. 25). 11)91. -Ordered to be prm 



Mr HoLLiNGS, from the Committee on Commerce, Science, and 
Transportation, submitted the following 

REPORT 

(To :KCompany S. 2721 

The Committee on Commerce, Science, and Transportation, to 
which wa"?eferred the bill iS. 272) to P-vide or a coo^d-^^^^ 
Federal research program to ensure continued US- l^^d^^^^^;^"^ 
hieh-performance computing, having considered the same, reporL^ 
favorably ^^^^ with an amendment in the nature of a substitute 
and an amendment to the title and recommends that the bill as 
amended do pass. 

Purpose of the Bill 
ThP orimarv obiective of the legislation is to accelerate research. 

memories, the fastest algorithms and the f^test networ^^^ 
TtiP reDorted bill authorizes Federal fundmg lor tne a^^*^'"!!. „ , 

1? (Mstf ^^^^^^^^^ to the National Aeronautics and 

I^S?e'SiS^^ 

stitute of Standards and Technology (NIST) for fiscal years (r 

^^TvTo Kill P^tablishes a High-Performance Computing (HPC) 
The bill also estawisnes a nigu Department of Energy 

Program involving NSF, NAbA, ^^^^'^nj^^^r*" p„_:e„t^ Aeency 
(DOE) and the Defense Advanced Research Projects Agency 
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(DARPA) of the Department of Defense (DOD), as well as other 
agencies. This program would be planned and coordinated by the 
White House Office of Science and Technolog>' Policy (OSTP). 

Background and Needs 

importance of computing 

In the last 30 years, computer technolog>' has transformed Amer- 
ican science and industry. Today, computers are indispensable tools 
found in almost every laboratory, office, and factory. They have en- 
abled researchers to solve previously unsolvable problems; have 
transformed the way products are designed, manufactured, and 
marketed; have changed the way offices are operated; and have 
given teachers a new, powerful educational tool. These advance- 
ments have been made possible by an incredibly rapid improve- 
ment in computer technology, which have been spurred in part by 
Federal investments in research and development. 

IMPORTANCE OF HIGH-PERFORMANCE COMPUTING 

Today high-performance computing is being applied in more and 
more fields, helping to improve U.S. research, education, economic 
competitiveness, and national security. Supercomputers, which are 
commonly defined as the most powerful computers available at any 
given time, are now considered essential in w:.ny tields of science 
and engineering. Today's supercomputers usually cost between $1 
million and $20 million, are 1,000 to 100,000 times more powerful 
than a typical personal computer, and are capable of making bil- 
lions of mathematical calculations per second, about 50 to 100 
times faster than the fastest computers available just 10 years ago. 

Using complex computer "models," researchers now can simulate 
and test advanced aircraft designs, proposed new drugs, and new 
manufacturing techniques. Scientists have used supercomputer 
models to understand better the Earth's climate and weather, the 
Nation s economy, and the evolution of our galaxy. 

FIBER OPTIC NETWORKS 

To facilitate communication between researchers, students, and 
educators, and to promote the use of advanced computers, NSF and 
other Federal agencies have established fiber optic computer net- 
works, which link researchers around the country to supercom- 
puters, to other computing facilities, and to each other. Today over 
500 colleges and universities are linked by NSF's NSFNET, which 
is the largest component of the Internet, a network consisting of 
hundreds of Federal research networks. State networks, and pri- 
vate networks, all interconnected. 

Unlike copper telephone wires, optical fiber is capable of carry- 
ing the billions of bits of data generated every second by supercom- 
puters. Such high data rates are needed because, for many types of 
computer models, scientists need sophisticated "visualization " tech- 
niques to sort out th^ir results. Computer graphics can allow 
researchers to decipher data sets so large that they could fill hun- 
dreds of pages of computer printouts. Unfortunately, most comput- 
er networks operate at speeds of 1.5 million bits (megabits) per 
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second or less, and thus network users cannot utilize fully super- 

their institutions or con^panies could not afford to buy one ol tneir 

"""in addition tt providing links with large coniputer centers such 
networks can carry electronic mail between individuals around the 

NREN would allow scientists and engineers to control and collect 

^1n'r«entTears support has been growing m both Congress and 
withi;;The ILinistr'alion for an increase jn Fed^- 4" 
high.perforn.ance comp^ng^ A Novem^ 

TnT' sZes 'Te Ufom Une s that any country which seeks to 
co|-tr<S"u futu^l ^st effectively ^X^y'lte^l" 

rai;"iftrronth-%^^^^^^^^ 

In Congress, several hearings have been neia on "JK" f 

that would have authorized almost $1.7 billion m new lunu ^ 
the next five years for a HPC Program. 

ADMINISTRATION ACTION 

While the Administration has endorsed neither the full ['ve-ye^a^ 

SiSf^P^^^^^^^ 
^sttSre^^^^^^^^ 

puting research and development by $149 million (a rfu perceni 
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crease) over FY 1991 levels. The principal agencies involved in the 
program are NSF, NASA, DOE, and DARPA. In addition, NIST, 
the National Oceanic and Atmospheric Administration (NOAA), 
the Environmental Protection Agency (EPA), and the National In- 
stitutes of Health (NIH) (particularly the National Library of Medi- 
cine) all have important roles. As in S. 272 as reported, this pro- 
gram would be coordinated by OSTP. 

CONGRESSIONAL ACTION 

In order to spur development of faster computer networks and 
more advanced supercomputers, in 1986, the Commerce Committee 
approved S. 2594, the Supercomputer Network Study Act, which re- 
quired OSTP to provide Congress with an analysis of the computer 
networking needs of American researchers and the benefits and op- 
portunities that a national high-speed fiber optic network for com- 
puters and supercomputers would provide. That legislation was en- 
acted as part of the NSF Authorization Act for FY 1987 (P.L. 99- 
383). 

As required by the legislation, OSTP released a report in Decem- 
ber 1987, entitled "A Research and Development Strategy for High 
Performance Computing," which outlined an ambitious, compre- 
hensive research program in superccmputing and computer 
networking, and proposed that the Federal Government spend an 
additional $1.74 billion over the next five years on high-perform- 
ance computing. 

In 1988, S. 2918 was introduced to create a National UPC Pro- 
gram, similar to that outlined in the OSTP report. The following 
year, S. 1067, the National High-Performance Computing Act of 
1989, was introduced, authorizing funds for high-performance com- 
puting at NSF, NASA, DOE, and DARPA. Further details were 
provided by an implementation plan entitled "The Federal High- 
Performance Computing Program," developed by over 12 agencies 
and released OSTP in September 1989. 

S. 272 

The High-Performance Computing Act of 1991 is similar to S. 
1067. Like S. 1067, it would establish a multi-agency HPC Program 
that would be coordinated through the Federal Coordinating Coun- 
cil for Science, Engineering, and Technology (FCCSET), which is 
chaired by the Director of OSTP. In recent years, FCCSET has pro- 
vided critically-needed, high-level interagency coordination of re- 
search in a number of areas, most notably global change. The pro- 
gram would be a comprehensive one, with four elements: high-per- 
formance computers, software technology and algorithms, network- 
ing, and basic research and human resources. While the program 
in S. 272 is very similar to the HPC and Communications Program 
proposed by the Administration, it would authorize five years of 
funding for three agencies, NSF, NASA, and NIST, whereas the 
Administration has so far only called for funding for the first year 
(FY 1992) of the program — the Administration has requested $638 
million in FY 1992, as compared to the $71 million figure for FY 
1992 in S. 272, and has requested funding for eight federal agen- 
cies. 
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To fully reap the benefits cf high-performance computing, the 
Federal Government needs to implement a comprehensive research 
and development program similar to that provided for m the re- 
ported bill Because the components of the prcgram are aU 
Uriked, progress in high-performance computing ^11 be ^nder^ if 
the Dace of development in any one area is not as fast as m other 
area^ For instinJe, if a national high-speed computer network 
wer?established, but if faster, more powerful supercompute™e 
not developed to handle the data that would flow across ^J^^h a net- 
work the^sult would be missed opportunities and wasted re- 
sources. Similarly, the development of faster supercomputers, with- 
out the development of the software needed o utilize them effec- 
^rvely and of networks to access them, would be a poor investment 
of research funds. Clearly, there is a need for a balanced, compre- 
hensive approach. 

BENEFITS OF S. 272 

Most of the funding authorized in S. 272 is in support ^[^^asic 
research There is broad agreement on the need m general for the 
Federal funding 0^ basic rlseaich-basic research has been shown 
reSdirto be a very good investment. For example a recent 
st^df by L Edw^^ MaAsfield of the University of Pennsylvania es-- 
Umated that the annual rate of return on Federal mvestmente in 
academic research is approximately 28 percent. nprform- 

The return on investments in basic research o^^^^^g^i-P^^V^^ 
ance computing may be even higher. On July 
ny before the Science, Technology, and Space Subcommittee IJr. 
3ames H. Clark, Chairman and Founder SUicon Gra^^^^^^^ 
puter Systems, told how a single $12 million DARPA research 
grant which Dr. Clark and his colleagues received while he was a 
professor at Stanford from 1979 to 1982 led directly to the creation 
TSUN MicTOsystems, Silicon Graphics Computer Systems and 
MIPS Computer Systems. Today, just nine years later these three 
computer companies have combined total revenu^ ^^r^i^'Siint 
Allien per year and an average annual growth rate of 60 percent 
In addition, because high-performance ^°"^Pf ^f.J^P^XtWity 
anabling technology which can increase greatly the Productivity 
notjust of computer scientists, but also of researchers in almost a 1 
fields of science and engineering, the returns ^^.^^^l^ely to ^^^^ 
er than the average return on investments in basic research. 1 his 
research will lead to faster, more powerful computers that can 
tackle previously unsolvable problems; faster networks that can 
^fovideSer ac'cess to data an\ promote conaboration ^^^^^ 
searchers, and better software that can reduce ^he time sj^nt com 
puting the solution to a particular probleni and thus allow re 
searchers time to explore more facets of a problem. 

The investment proposed by the reported bill would provme 
needid toolslSr federally-funded researchers and enhance greatly 
thetlroduc^wTty. At a June 21, 1989, hearing of t^^ .f^--^^^ 
nology and Space Subcommittee, Dr. William Wulf, then Assistani 
DireSir of NSF's Directorate for Computer and Information Sci- 
ence and Engineering, testified that supercomputmg and h^^^^^ 
speed networking can increase the productivity of many American 
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researchers by 100 percent, 200 percent, or more. Given that the 
Federal Government invests approximately $70 billion a year in re- 
search and development, such a productivity gain could produce 
enormous benefits and more than pay for the approximately $2 bil- 
lion in additional funding needed for the proposed HPC Program 
for the next five years. 

High-performance computing will allow researchers to tackle 
previously unsolvable problems, with huge benefits to society. For 
instance, better models of global climate change would lead to 
better policies to address global warming, policies which could have 
trillion-dollar impacts. Supercomputing could lead to a better un- 
derstanding of AIDS, cancer, and genetic diseases, leading to break- 
throughs impossible without more computing power. 

Just as important as the benefits to American researchers are 
the benefits for American industry. Supercomputers are routinely 
used by automobile companies, both to design and to "crash test ' 
cars; energy companies use them to analyze seismic data and pros- 
pect for oil; and even financial markets now utilize them to get 
real-time analyses of market behavior. On June 21, 1989, Mr. John 
Rollwagen, Chief Executive Officer of Cray Research, Inc., testified 
before the Science, Technology, and Space Subcommittee that 
ARCO used a Cray supercomputer to determine how to increase 
production of its Prudhoe Bay oil field by two percent, which trans- 
lated into an additional $2 billion in profits. The engines on 
Boeing's new 737 airplane were designed using a supercomputer 
and as a result are 30 percent more efficient than earlier models. 
ALCOA used supercomputer models to reduce the amount of alu- 
minum needed to produce a soda can by 10 percent, resulting in 
billions of dollars in reduced materials, production, and transporta- 
tion costs. 

While estimating the benefits of investment called for in S. 272 is 
difficult, it is clear that it would pay huge dividends. Dr. Bromley, 
testifying at a March 5, 1991, hearing of the Subcommittee on Sci- 
ence, Technology, and Space, cited a draft report from the Gartner 
Group which used economic models to estimate that the HPC Pro- 
gram established by S. 272 would lead to an increase in the U.S. 
gross national product of $170 billion to $500 billion between now 
and the year 2000. 

In the United Stetes, the most extensive use of supercomputers 
has been for defense and aerospace applications. The National Se- 
curity Agency (NSA) relies heavily on the fastest supercomputers 
for signal processing and breaking codes. Supercomputers are es- 
sential for anti-submarine warfare and for the design of new weap- 
ons systems. The Strategic Defense Initiative and other military re- 
search and development projects rely heavily on supercomputer 
modeling. NASA has several supercomputers devoted to modeling 
the aerodynamics of aircraft and spacecraft. These supercomputers 
can be used to replace or complement expensive wind tunnel tests. 

In the future, high-performance computing will be utilized in- 
creasingly by the education and library communities. Supercom- 
puters can store and sort through huge quantities of date, and with 
optical disk storage systems it is possible to store entire libraries of 
information electronically and retrieve them in seconds. The Li- 
brary of Congress and other libraries are storting to develop the 
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technology needed for ''digital libraries" of books, journals, images, 
music, and videos— all stored in digital form and accessible over 
computer networks. The high-performance computing hardware 
and software developed pursuant to S. 272 as reported would facili- 
tate creation of such digital libraries, and the NREN would provide 
easy access to them. 

At present, a great deal of scientific and economic data is stored 
in electronic form, but much of it, especially remote-sensing satel- 
lite data, is almost inaccessible to those who might wish to use it. 
Making data sets like those at the Earth Resources Observation 
System (EROS) Data Center accessible over the NREN and other 
networks would enhance greatly the usefulness of these data sets 
and ensure that the United States maximizes the return on its in- 
vestment in the collection of that data. 

One of the most far-reaching impacts of the reported bill will be 
in the area of high-speed, fiber-optic telecommunications technolo- 
gy. Fiber-optic cable can transmit billions and even trillions of bits 
of data per second, thousands of times more than longdistance 
copper telephone cables. Scientists and engineers are using this 
new capability to develop technology for teleconferencing, for 
transmitting high-definition television (HDTV) programming, and 
for improving communication and collaboration among computer 
users. 

In the future, this technology will be as commonplace and ubiq- 
uitous as the telephone is today. Fiber optic cable will reach every 
city and town, every school and business, large and small. Rural 
areas especially will benefit from the services that fiber optic net- 
works will provide, since they will provide access to information 
and other resources otherwise available only in major metropolitan 
areas. Small businesses in rural areas (and elsewhere) will be able 
to use such networks to gain access to markets and experts 
throughout the country. Because of the importance of telecom- 
munications to rural areas, it is essential that the NREN extend to 
colleges and universities in less-populated areas so that these areas 
can develop the infrastructure ana expertise needed to reap all the 
benefits of high-speed networking. Although it will be several years 
before fiber optic cable is laid in many rural areas, satellite com- 
munications technology like that developed for NASA's Advanced 
Communications Technology Satellite (ACTS) and other systems 
could be used to provide high-speed communications links to the 
NREN in the interim. 

By creating a national, high-speed computer network, this bill 
would provide a demonstration of the potential of high-speed fiber 
optic computer networks. Under this bill, the Federal funding 
called for will fund development of applications for a high-speed 
national network, lead to development of standards for such a net- 
work, and guarantee a market for commercial high-speed network- 
ing services, thus stimulating private sector investment in multi- 
gigabit networking. The technology and standards developed will 
be available publicly and will be applied quickly by private compa- 
nies building commercial multi-gigabit networks. At present, the 
private sector is reluctant to make the multi-billion-dollar invest- 
ments needed to build a national multi-gigabit network, in part be- 
cause the technology has not been demonstrated and the market 
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has not been proven. At an October 4, 1989, hearing of the House 
Committee on Energy and Commerce's Subcommittee on Telecom- 
munication and Finance, John Edwards from Northern Telecom 
testified that Federal funding authorized by this bill could acceler- 
ate the creation of a national, multi-gigabit network by five to ten 
years. Like the interstate freeway system and other types of infra- 
structure, such a network clearly would provide significant benefits 
to all sectors of the American economy. 

HPC AND U.S. COMPETITIVENESS 

The development of high-performance computing will have a sig- 
nificant impact on U.S. technological competitiveness, particularly 
given the efforts of other countries to develop a supercomputing ca- 
pability. The Japanese and other foreign competitors recognize the 
benefits of supercomputing and fiber optic networks. In fact, the 
Japanese have focused significant efforts on becoming competitive 
in the world supercomputer market and are now producing some of 
the fastest supercomputers available. In April 1990, Japan an- 
nounced a major research program to accelerate research and de- 
velopment on parallel processing supercomputers. In March 1990, 
the European Community announced a $1.3 billion a year high-per- 
formance computing program, which would fund high-speed net- 
works, supercomputing centers, supercomputing hardware and soft- 
ware development, supercomputing applications, and education. 
Similarly, other countries are making massive investments in high- 
speed fiber optic networks. Japan's Nippon Telegraph and Tele- 
phone Corportation has announced that it intends to invest $126 
billion to install a national fiber optic network which would reach 
every home, office, and factory in Japan by the year 2015 and be 
capable of transmitting hundreds of millions of bits of data per 
second. The Europeans are developing initiatives to build their own 
high-speed networks as part of EC 92. 

Without additional Federal and private sector investment in su- 
percomputing, the United States risks losing the $2.4 billion world 
supercomputer market, and more importantly, it risks having to 
rely upon foreign suppliers for an essential tool for improving re- 
search and development, for increasing American competitiveness, 
and for enhancing U.S. national security. The funding authorized 
by S. 272 as reported would help the United States maintain its 
lead in the development and application of supercomputers. 

NEED FOR ADDITIONAL HPC FUNDING 

Several agencies, including NSF, NASA, DARPA, and DOE have 
long histories of supporting basic research in computer science and 
computer technology. In addition, they have funded efforts to apply 
more broadly high-performance computing to scientific and engi- 
neering problems. To provide supercomputing services to American 
researchers, the NSF created five Supercomputer Centera in the 
mid-1980s. For FY 1992, NSF is requesting $66.80 million to fund 
the Centers. Other Federal agencies, including the NASA and the 
DOE, also maintain large supercomputers for use by Federal and 
academic scientists. 



11 



The NSF Supercomputing Centers P'7\<*«oiS%^'y„r^uca- 
leading-edge computing resources 

'°"nre%tit"'aTew^g-era^^^^ 

in preparing a ^f "^^^^ science"-the simulation or model- 
Z r^Sfnomen^ranrpteTco^mputati^^^^^ eot&'tl^e 

^ ■'rr?oThrr academic*'tnd iTdUia? r^ea^^ to apply 
crfufatSl^Lnce t^^^ problems in the engmeermg, 

design, and manufacturing s«U^^^^ computer networks, in- 

networks, several of ^^ese networ^^^^ ^^.^^ 
SSHEt^JSc=?^e=tn 

iSa'teTm^t^^^^^^^^^ 

at the &SF Centers are chronically over-subscr^^^^^ 

other agencies which fund development of n^^^^^^^ 

lack the money to fund more than a small traction oj^ p 

percomputer software .<*e^e'°Pm«"*i„_j._uatP funding levels would 
Perhaps even more importantly; mad^"X NR^^^ The NREN 
result in a delay in the establishment of the NKtr^ |ne 
wo^W bl capable of transmitting gigabj^ts (billy of b^^^^^ 
per second, and by 1996 would hnk up to ^^^^^^'^^^^"^"a^ut 
Sbout a million researchers nationwide^ The NREN wouw^^ 
2,000 times faster than the ="rrent NSFNEI . w^^^^ 
wide computer network links over 500 mstitutions in aii ju 
ft^ data rate is only 1.5 million ^-t^ pr sgond more t^^^^ 
sand times slower than the proposed NREN. tven aiiCT 
is upgraded to 45 million bits per second this year rfsearcMre 

unable to utilize fully the supercomputers ""'^''ata bases con 
SL"^t„^t. Since use of NSFN^^^^^^^^^ 

r iSc^^- i^a^e Sli ls»rde^^ 
!Ji'^^iSab^t'^Tra*d&^^^ NSF and 
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about 10,000 bits of dat-a). Today, there are experimental computer 
networks that can transmit billions of bits of data a second, ena- 
bling computer users to share computer graphics and huge volumes 
of data in a few seconds. At a billion bits a second, an entire ency- 
clopedia set could be transmitted to any computer on the network 
in less than a second. Unfortunately, these experimental networks 
are limited, connecting only a few computers. More research and 
development will be needed before the NREN, which will connect 
thousands of computers, can be built. 

The funding authorized by S. 272 as reported would roughly 
double funding for supercomputing at NSF and NASA over the 
next five years, would roughly triple NSF's networking budget, and 
greatly expand NIST's computer research programs. These funding 
increases parallel those outlined in the 1987 OSTP report and the 
follow-up report released in September 1989, "The Federal High 
Performance Computing Program." Without this additional multi- 
year funding, researchers will not have access to the supercomput- 
ing resources they need; the NREN will be delayed; development of 
new, more powerful machines will be delayed; supercomputer soft- 
ware development will slow; and insufficient numbers of scientists 
anu engineers will be trained to use supercomputers. 

Legislative History 

In October 1988, legislation was first introduced to authorize a 
multi-agency HPC Program. A revised version of the legislation, S. 
1067, was introduced in May 1989 and reported by the Commerce 
Committee. An amended version of S. 1067, including provisions of 
S. 1976, a companion bill reported by the Senate Committee on 
Energy and Natural Resources, passed the Senate by voice vote in 
late October 1990. Although the House Science, Research, and 
Technology Subcommittee conducted two hearings on the House 
version of the bill (H.R. 3131), the House did not consider it before 
Congress adjourned. That Congress, funding for DARPA's portion 
of the HPC program was authorized and appropriated in other leg- 
islation. 

On January 24, 1991, Senator Gore introduced S. 272, which is 
very similar to the first title of the version of S. 1067 that passed 
the Senate last year. It has 18 cosponsors, including Senators Hol- 
lings, Pressler, Ford, Breaux, Robb, Kerry, Kasten, and Gorton on 
the Committee. A companion bill (H.R. 656) was introduced in the 
House. 

On March 5, 1991, the Subcommittee on Science, Technology, and 
Space held a hearing on S. 272. Witnesses at the hearing included 
representatives from computer, telecommunications, and other 
high-tech companies, and academia. Witnesses testified on the 
many new applications of supercomputing, and endorsed the idea 
of a NREN. Dr. D. Allan Bromley, White House Science Advisor 
and Director of OSTP, testifying for the Administration, stated 
that while the Administration endorsed the goals of the legislation, 
it opposes S. 272 because it might limit the flexibility of the Feder- 
al agencies implementing the HPC program mandated by S. 272. 

At its March 19, 1991, executive session, the Committee consid- 
ered in open session and adopted without objection an amendment 
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the addition of an authorization for NIST ot $di muiion lor 

Energy Committee held a hearing on S. 343 on April U, layi. 

Summary of Major Provisions 
A« reoorted S 272 would authorize a five-year, "^^1^^-^^"*^^ /J^ 

computer networks. The major provisions are toj^^ws 
Section 4 amends the National Science and rechnolo^ i^ohcy, 

S,ould be the lead agency responsible tor to 
the agencies contributing to deployment of '^^^.^^^f "^/.J^l' 
hale^'primary responsiWUty f^^^^^ 

:LVan1Tvl^igV^^™•t^^^^^^ °f 

'°"s^»dlRSe?a1 Sc roles for NSF in«^^ 

rr^MA<5A fnr FY 1992-96 total $338 million. . 
'"s^onMnK rde of NIST 'i«>;2'ft™™^^^^^ 



Section 9 instructs the Secretary of Commerce to evaluate the 
impact of Federal procurement rules for software on development 
of new, improved software technology. 

Section 10 contains miscellaneous provisions exempting comput- 
er sjrstems used for classified programs and intelligence programs 
from provisions of the reported bill. In addition, Federal agencies 
are instructed to procure prototype and early production models of 
new high-performance computing systems. 

Estimated Costs 

In accordance with paragraph 1 1(a) of rule XXVI of the Standing 
Rules of the Senate and section 403 of the Congressional Budget 
Act of 1974, the Committee provides the following cost estimate, 
prepared by the Congressional Budget Office: 

U.S. Congress, 
Congressional Budget Office, 

Washington, DC, April 5, 1991. 

Hon. Ernest F. Holungs, 

Chairman, Committee on Commerce, Science, and Transportation, 
U.S. Senate, Washington, DC. 
Dear Mr. Chairman: The Congressional Budget Office has pre- 
pared the attached cost estimate for S. 272, the High-Performance 
Computing Act of 1991. Enactment of S. 272 would not affect direct 
spending or receipts. Therefore, pay-as-you-go procedures would not 
apply to the bill. 

If you wish further details on this estimate, we will be pleased to 
provide them. 

Sincerely, 

Robert D. Reischauer, Director. 
congressional budget office cost estimate 

1. Bill number: S. 272. 

2. Bill title: The High-Performance Computing Act of 1991. 

3. Bill status: As ordered reported by the Senate Committee on 
Commerce, Science, and Transportation, March 19, 1991. 

4. Bill purpose: S. 272 would require the Federal Coordinating 
Council on Science, Engineering, and Technology (FCCSET) to de- 
velop and implement a National High Performance Computing 
Plan. It would also mandate that the National Science Foundation 
(NSF), in conjunction with the Department of Defense (DoD), the 
National Aeronautics and Space Administration (NASA), and other 
relevant federal agencies, establish a national network of high- 
speed computers, which would be known as the National Research 
and Education Network (NREN). The National Institute of Stand- 
ards and Technology (NIST), a part of the Department of Com- 
merce, would be charged with developing government-wide stand- 
ards for computer networks. 

The requirements of S. 272 would affect numerous federal agen- 
cies as developers and users of the NREN. For example, the bill 
would require the NSF and NASA to help develop software for the 
types of computers used in the network, and the DoD through the 
Defense Advanced Research Projects Agency (DARPA), would have 
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primary responsibility for research and development on technology 
needed for the network. The FCCSET would have the general re- 
sponsibility for overseeing and coordinating the work of the agen- 
cies involved in this project. The Secretary of Commerce would be 
charged with conducting a study of the impact of federal procure- 
ment regulations regarding the rights to proprietary software pro- 
vided by contractors. 

To fund development of the network, the bill would authorize ap- 
propriations to the NSF, NASA, and NIST of about $1 billion over 
five years. The bill would also authorize NSF to charge a fee for 
use of the system. 

5. Estimated cost to the Federal Government: 



iBy ttscit year, m inillioin ot doilan] 





1992 


1993 


1994 


1995 


1996 


Author i2atiojiS: 












National Science Foundation 


46 


88 


145 


172 


199 


National. Aeronautics and Space Administration 


22 


45 


67 


89 


115 


National Institute of Standards and Technology 


3 


4 


6 


8 


10 


Total authorization level 


71 


137 


218 


269 


324 


Estimated outlays 


35 


95 


167 


232 


289 



In addition to the funding specifically authorized in the bill, 
othftr agencies would incur costs to implement the bill's objectives. 
The bill has adopted goals and strategies for the program that are 
rouhgly in line with proposals from the Administration, as report- 
ed by the Office of Science and Technology Policy, and proposed in 
the 1992 President's budget. Some of the activities mandated by the 
bill are already underway. 

The President's budget proposed 1992 funding increases totaling 
$149 million for high-performance computing and communications. 
This includes $49 million for DARPA and $28 million for the De- 
partment of Energy (IX)E), for which the bill does not provide spe- 
cific authorizations. Five-year funding needs above the 1991 pro- 
gram levels could be $700 million to $800 million for DARPA and 
$300 million to $400 million for DOE. 

The costs of the specific authoriz. tions would be in budget func- 
tions 250 and 370. Other significant costs would fall in functions 
050 to 270. 

Basis of Estimate: This estimate assumes that the full amounts 
authorized would be appropriated for each fiscal year. The estimat- 
ed outlays are based on historical spending patterns. 

CBO expects that fees for use of the network would be phased in 
once the network is operating, which would probably be in 1994 or 
later. Receipts from these fees could ultimately provide a signifi- 
cant offset to the operating costs of the network. Nevertheless, we 
do not expect that receipts would be significant during the five- 
year period covered by this estimate. 

6. Pay-as-you-go considerations: The Budget Enforcement Act of 
1990 set up pay-as-you-go procedures for legislation affecting direct 
spending or receipt through 1995. CBO estimates that enactment of 
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S. 272 would not affect direct spending or receipts. Therefore, pay- 
as-you-go procedures would not apply to the bill. 

7. Estimated cost to State and local governments: None. 

8. Estimated comparison: None. 

9. Previous CBO estimate: None. 

10. Estimate prepared by: David Hull and Marjorie Miller. 

U. Estimate approved by: James L. Blum, Assistant Director for 
Budget Analysis. 



In accordance with paragraph 11(b) of rule XXVI of the Standing 
Rules of the Senate, the Committee provides the following evalua- 
tion of the regulatory impact of the legislation, as reported. 



This legislation provides additional funding for research and de- 
velopment in high-performance computing. This will not result in 
new regulations, because the additional funding provided by the 
legislation would be distributed according to existing regulations 
regarding NSF research grants and NASA contracts. These regula- 
tions would apply only to those persons and companies which 
choose to apply for this funding. 



This legislation authorizes $1,019 billion in additional Federal 
spending for FY 1992-96. By providing for improved inter-agency 
coordination, this legislation should improve the effectiveness of 
Federal research and development on high-performance computing. 

This legislation also requires NIST to develop guidelines and 
standards to provide for interoperability of Federal computer net- 
works and for common user interfaces to systems. These guidelines 
should be cost-effective in increasing the usefulness of Federal net- 
works and systems used by the Federal Government. 



This legislation will not have any adverse impact on the personal 
privacy of individual Americans. The creation of the NREN and as- 
sociated databases will make existing Federal scientific data bases 
(including economic data and census data) more accessible to users 
throughout the country, but personal data already protected by 
rules and regulations (e.g. tax returns and individual census forms) 
will remain confidential. 



This legislation requires FCCSET to submit a five-year program 
plan to the President and the Congress on the National HPC Pro- 
gram, which shall be revised at least every two years. The plan is 
to be accompanied by a report on progress made in fulfilling the 
plan. In addition, FCCSET shall report, without one year of enact- 
ment of the legislation r.rX, on NREN policies regarding pricing, se- 
curity, privacy, and commercialization of the network. The Depart- 
ment of Commerce (DOC) shall report to Congress on whether Fed- 
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eral procurement regulations discourage the development of better 
software development tools. 

Section-by-Section Analysis 

section 1. — short title 

This section states that the reported bill may be cited as the 
"High-Performance Computing Act of 1991." 

SECTION 2. — FINDINGS AND PURPOSES 

This section contains the Congressional findings and purposes of 
the legislation. Under subsection (a), the Congress finds: that ad- 
vances in computer technology are vital to the prosperity, national 
and economic security, and scientific advancement of the United 
States; that the United States currently leads the world in high- 
performance computing and its applications, but that lead is being 
challenged by foreign competitors; that further research and devel- 
opment, training, improved computer networks, and more effective 
technology transfer are necessary for the United States to reap the 
benefits of high-performance computing; that improved interagency 
coordination and planning of high-performance computing pro- 
grams could enhance their effectiveness; that a 1989 report by the 
Office of Science and Technology Policy on high-performance com- 
puting provides a framework for a multi-agency program; and that 
such a program would provide computing resources and informa- 
tion needed by American researchers and educators and would 
demonstrate the use of advanced computer and other communica- 
tions technology in improving the national information infrastruc- 
ture. 

Subsection (b) states that the purpose of the bill is to ensure the 
continued leadership of the United States in high-performance 
computing and its applications. This purpose requires that the Fed- 
eral Government expand Federal support for high-performance 
computing in order to establish a high-capacity national research 
and education computer network; expand the number of research- 
ers, educators, and students who can use high-performance comput- 
ing resources; make data bases and other services available 
through such a network; stimulate research on software technolo- 
gy; promote use of computer software tools and applications soft- 
ware; accelerate development of more powerful supercomputers 
and other advanced computer systems; promote application of high- 
performance computing to "Grand Challenges" of science and engi- 
neering; and provide for basic research and education in high-per- 
ormance compting. In addition, the Federal Government must im- 
prove planning and coordination of Federal research and develop- 
ment on high-performance computing. 

SECTION 3.— DEHNITIONS 

Definitions of "Director" (the Director of OSTP) and "Council" 
(FCCSET) are provided. 
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SECTION 4.— NATIONAL HIGH-PERFORMANCE COMPUTING PROGRAM 

This section amends the National Science and Technology Policy. 
Organization, and Priorities Act of 1976 (42 U.S C. 6601 et seq.. 
hereinafter referred to as "the Science Act") in order to establish a 
National HPC Program coordinated by OSTP. Tnis section would 
add a new title VII to the end of the Science Act with a new sec- 

**°New^subsection (a) of new section 701 mandates a five-year Na- 
tional HPC Plan (hereinafter the "Plan"), which under new subsec- 
tion (aKl) is to be developed and implemented by the P^sid^t, 
through FCCSET. FCCSET is chaired by the Chairman of OSTP. 
who is traditionally also the President's Science Advisor The Plan 
is to be submitted within one year after enactment of the legisla- 
tion and is to be resubmitted upon revision at least once every two 

^^Unde^r^new*Iubsection (aXl), FCCSET also shall Provide for inter- 
agency coordination of the Federal HPC Program established by 
new title VII FCCSET is currently charged with addressing re- 
search issues and coordinating research programs that involve 
more than one Federal agency. For instance, in recent years, 
FCCSET has provided high-level coordination on global change re- 
search. The National Global Change Research P^opam can serve 
as a model for the National HPC Program. As with global change 
research, high-performance computing involves several agencies, 
and there is no one agency with the expertise, breadth of authority, 
and facilities to oversee all Federal efforts in the field. tCL&bl 
provides a mechanism for building on existing agency programs, 
preventing duplication of effort, and identifying previously unad- 
dressed problems, without establishing a new bureaucratic entity. 
In addition, building on existing agency program?, rather than cre- 
ating a separate agency for high-performance computing, would 
ensure that new developments in high-performa ice computing are 
utilized by individual agencies to accomplish tlieir different mis- 
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Under new subsection (aX2), the Plan is to establish the goals 
and priorities for a National HPC Program and set forth the roles 
and computer research budgets of the agencies involved. The Com- 
mittee expects that the Plan would be similar to that presented in 
the 1989 OSTP report, "The Federal High-Performance Computing 
Program," although under this subsection it also is to include a 
budiet showing the level of funding for each of the activities un- 
derteken in support of the HPC program by each of the agencies 
involved and provide an inventory of what high-performance com- 
puting programs are currently underway throughout the Fwler^^ 
Government that could contribute to the National HPC Pr<^granK 
New subsection (aX3) requires that the P an f>« ^^companied by 
(1) a summary of the achievements of Federal high-performance 
computing research and development efforts during the Preceding 
fiscd year. (2) an analysis of the progress made toward achieving 
the goals and objectives of the Plan, and (3) any recommendations 
regarding additional action or legislation which may be required to 
assist in achieving the purposes of this bill. 
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Under new subsection (aK4), the Plan is to summarize the activi- 
ties of NSF, DOC (particularly NIST, NOAA. and the National 
Telecommunications and Information Administration), NASA, 
DOD (particularly DARPA), DOE, the Department of Health and 
Human Services (particularly the NIH and the National Library of 
Medicine (NLM)), the Department of the Interior (particularly the 
U S. Geological Survey (USGS)), the Department of Education, the 
Department of Agriculture (particularly the National Agricultural 
Library), and other appropriate agencies. New subsection (aX5) 
specifies that the Plan is to take into account the present and 
planned activities of the Library of Congress, as deemed appropri- 
ate by the Librarian of Congress. 

The HPC Program should build on the existing research and de- 
velopment programs of the participating agencies. Clearly, the 
roles of the agencies will evolve over time. 

NSF programs impact the activities of all science and engineer- 
ing disciplines by providing computing and networking infrastruc- 
ture support ana by developing enabling technologies for advanced 
computing and communications platforms and paradigms. In the 
area of high-performance computing systems, NSF-funded research 
will be initiated cn new architectures and systems optimized for 
specific research applications. Research on advanced software will 
include work on database applications, Grand Challenge applica- 
tions software, numeric and symbolic computing, algorithm devel- 
opment, optimization of applications software for new parallel com- 
puters, scientific visualization, automated programming tools, and 
new methods of scientific and technical information exchanges. 
NSF will coordinate deployment of the NREN, accelerating the 
harmonizing of multiple agency networks and protocols into a 
single NREN. NSF will support multidisciplinary basic research 
and university infrastructure for computer science, computer engi- 
neering, computational science and engineering, and information 
sciences. To increase the human resource pool in computing hard- 
ware and software systems area, support will be expanded for grad- 
uate and post-doctoral positions. 

The goal of NASA's program is to accelerate the development 
and application of high-performance computing technologies to 
meet NASA's science and engineering requirements. In cooperation 
with the other Federal agencies, NASA's program will deploy tera- 
flops computer capabilities essential for computational design of in- 
tegrated aerospace vehicle systems and for predicting long term 
global change, and will enable the development of massively paral- 
lel techniques for spaceborne applications. 

DARPA, as the DOD lead agency for advanced technology re- 
search, will focus on developing the high-performance computing 
and networking technologies neaied for the defense and the overall 
HPC Program. DARPA programs have produced both the comput- 
ing and networking foundation for the HPC Program, including the 
first generation of scalable parallel computing systems and large 
scale computer networks, and the associated system software and 
supporting technologies. DARPA will continue to work with indus- 
try to pioneer the application of these new technologies within 
DOD and on a cooperative basis with other Federal agencies. In ad- 
dition, DARPA will work closely with the research laboratories and 
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other users and developers of high-performance computing technol- 
ogy within DOD. 

DOE will be an early customer of systems with advanced archi- 
tectures and will evaluate these systems with respect to energy-re- 
lated applications, and will support research and development on 
algorithms and systems software for new, advanced computing sys- 
tems. DOE will fund several Grand Challenge collaborations, initi- 
ate a software component and tools program with strong industrial 
participation, and initiate an applications-driven computational re- 
search program. DOE will participate in and contribute to the 
interagency NREN. The Energy Science Net (ESNet) will provide 
quality network access to the NREN for energy research facilities. 
DOE will continue to play an important role in education at the K- 
12, undergraduate, graduate, and post-graduate levels. 

The goal of NIST's activities in high-performance computing is to 
develop hardware performance monitoring tools, promote "open 
system" software, and support a classification system for indexing 
and distributing scientific software so that industry and the re- 
search community can use effectively the power of high-perform- 
ance computing. NIST will develop and speed commercialization of 
network protocols and security mechanisms that can achieve the 
desired gigabit speeds on future versions of the NREN. 

NOAA operational and research programs are directed toward 
weather prediction, ocean sciences, the Climate and Global Change 
Program, and the Coastal Oceans Program, as well as data man- 
agement activities for all agency programs. The HPC Program will 
allow extensive development of new forecast models, studies in 
computational fluid dynamics, and the incorporation of evolving 
computer architecture and networks into the systems that carry 
out agency missions. 

The EPA research progam is directed toward the advancement 
and dissemination of computational techniques and software tools 
which form the core of ecosystem, atmospheric chemistry and dy- 
namics models. The models extend the computational capability of 
environmental assessment tools to handle multi-pollutant interac- 
tions and optimization of control strategies. 

The NIH program includes molecular biology computing, cre- 
ation, and transmission of digital electronic images, the linking of 
academic health centers via computer networks, the creation of ad- 
vanced methods to retrieve information from life sciences data- 
bases, and training in biomedical computer sciences. The HPC Pro- 
gram will complement the Human Genome Project by providing 
new methods for computer-based analysis of normal and disease 
genes. 

The Committee is particularly interested in the work being done 
at the NLM and elsewhere to use national computer networks for 
the charing of biomedical research information. For instance, the 
NLM's Medline system provides references and abstracts from the 
medical literature to dot^tors throughout the country, providing an 
invaluable service, especially to doctors in rural areas far from 
mfigor libraries. Ongoirig research at the NLM is providing the 
technology needed for doctors thousands of miles apart to share X- 
ray images, CAT scans, PET scans, and other medical imagery. In 
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this way, a general practitioner will be able to get the opinion of 
specialists anywhere in the country. 

The biomedical community clearly has much to gain from ad- 
vances in high-performance computing and computer networks, 
and should be encouraged to use fully this technology. Unfortu- 
nately, relatively few laboratory-based biomedical researchers at 
universities, and almost no clinical researchers or health care prac- 
titioners, use the current Internet. At the same time, it is clear 
that new computer-based technologies, such as clinical imaging, are 
essential to accurate diagnosis and treatment, and to the conduct 
of biomedical research. Improved methods of communications 
among health care practitioners and life sciences researchers will 
facilitate basic and clinical research, and accelerate the search for 
cures of many human diseases. 

Therefore, it is envisioned that within the Department of Health 
and Human Services, NIH and the NLM will establish the appro- 
priate mechanisms to ensure the development of a biomedical com- 
ponent of the NREN and promote and facilitate the use of the 
NREN by the biomedical research community. The NREN will 
serve as an invaluable testbed for the development of networking 
applications for the health care community, since most Federal 
health care agencies (e.g., NIH and NLM) will be connected to the 
NREN as will many university medical centers, hospitals, and 
other medical facilities. It is clear that the medical community will 
promote actively development of high-speed commercial computer 
networks as doctors become more and more dependent upon medi- 
cal imaging and as they recognize the potential of high-speed 
networking technology. 

The USGS of the Department of the Interior both can contribute 
to and can benefit from the HPC Program. As the lead agency 
within the Federal Government for geographic information sys- 
tems, the USGS has developed new, more sophisticated systems for 
creating and manipulating "electronic maps." Clearly, the ad- 
vanced computer technology developed by the HPC Program can be 
readily applied in this area. In addition, the USGS manages the 
EROS Data Center which archives all Landsat data and many 
other types of remote-sensing data. More powerful computers, 
better database software, and particularly the NREN will help 
make data stored at the EROS Data Center more readily available 
and easier and less expensive to use. 

The Department of Education has a role to play in the HPC Pro- 
gram in educating computer and computational scientists, in train- 
ing users of high-performance computing, and in developing and 
promotmg the use of educational applications of high-performance 
computing, especially high-speed computing. In particular, the 
Committee encourages the Department of Education, through its li- 
brary programs, to initiate and fund projects that promote linkages 
between existing library and information science networks and the 
NREN. The benefits of this enhanced resource sharing among the 
networks are: improved end-user document delivery; improved in- 
terlibrary resource-sharing and electronic interlibrary loans; and 
improved communication between users on the NREN and users 
outside the NREN. 
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National libraries, like the Library of Congress, the NLM, and 
the National Agricultural Library, have long been at the leading 
edge of automation of library functions, creation and standardiza- 
tion of bibliographic and information data bases, and electronic 
transmittal of information about their holdings to libraries across 
the country via library networks. The National Agricultural Li- 
brary, the Library of Congress, and the NLM "Ow^^Pefi^J?"^- 
ing with electronic formats for entire portions o^/heir collections 
and exploring uses of the Internet. The advent of the NREN will 
permit new opportunities for the research and scholarly communi- 
ties to benefit from these information resources in performing re- 
search and in the creation of new knowledge that will improve the 
U.S. economic competitiveness. ^- • , ■ «pr Pm 

Several other agencies can and will participate in the Hl'L. t'ro- 
gram. Such agencies should be included in the Plan as the Chair- 
man of FCCSET considers appropriate. , „ .J u 

New subsection (aX6) provides that the Plan shall identify how 
the agencies and departments can collaborate to: 11) ensure mter- 
operahility of networks; (2) improve software development; (^) 
expand efforts to improve federally-funded pubhc-domam software 
(4) cooperate, where appropriate, with industry in development and 
exchange of software; (5) distribute software among agencies and 
departments, and federally-funded software to State and local gov- 
ernments, industry, and universities; (6) distribute Federal agency 
data bases and information; (7) accelerate the development ot high- 
performance computer systems; (8) help address Grand Lhal- 
^nges" (defined in subsection (e)); (9) provide for educating stu- 
dents in computer-related fields; and (10) identify agency rules and 
policies that could be changed to improve utiUzation of Federal 
high-performance computing and networking facilities, and make 
recommendations to such agencies on appropriate changes. In addi- 
tion, under new subsection (aX?) the agencies shall detine and m- 
plement a security plan, consistent with the Plan, for protecting 
Federal computer networks and information resources available 
through Federal research computer networks. p^rcFT will 

New subsection (b) of new section 701 provides that FCCSbr wiU 
have the lead in developing and coordinating ^niplementation ot 
the Plan. At least once a year, the Chairman of FCCSET is to 
report to the President on how to improve implementation ot the 
Plan. Working through the Executive Office of the Presiden^^^^^^^ 
especially the Office of Management and Budget /OMBX FCLSbT 
should provide the high-level coordination needed to direct and im- 
plement effectively the National HPC program. Under new subsec 
Son (bK3), prior to the submission of the P»-esident s annual b^^^^^^ 
reouest FCCSET shall review each agency and departments 
budget estimate to determine how it contributes to the |mpb^^^^^ 
tation of the HPC program, and make the results of such review 
available to 0MB in particular. This review is intended to ^ide 
0MB in determining each agency's budget for h>gh-performance 

"''n^w Sfbsection (c) requires that the Director of OSTP establish 
an advisory committee on high-performance computing, consisun^^ 
of representatives of industry and academia. The advisory comm t- 
tee is to provide FCCSET with an assessment of progress made m 
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implementing the Plan, the need to revise the Plan, and other 

^^N^ subsection (d) requires each agency involved in the HPC 
program to include with its annual request for appropriations to 
0MB a report explaining how its high-performance computing ac- 
tivities contribute to implementation of the Plan. 0MB is to review 
these reports and include, in the President s annual budget esti- 
mate, a statement on the portion of each agency's budget estimate 
allocated to high-performance computing activities. , , . 

Subsection (e) defines "Grand Challenge" as a fundamental prob- 
lem in science and engineering, with broad economic and saenti^^ 
impact, whose solution will require the application of high-perform- 
ance computing resources. 

SECTION 5.— THE NATIONAL RESEARCH AND EDUCATION NETWORK 

Subsection (a) requires NSF DOD, DOE, DOC, NASA, and other 
appropriate agencies to provide for establishment of the NREN, a 
national computer network capable of transmitting more than one 
billion bits of data (gigabits) per second. Such a network Jfo^ld con- 
nect more than half a million computer users at m(>re than l.UOU 
colleges, universities. Federal laboratories if ^^^^try Jaborator^^^ 
braries, and other institutions in all 50 States. Within the Federal 
Government, NSF shall have primary responsibility fo^ ^°"Sf i 
colleges, universities, and libraries to the NREN. NSF is to be ead 
agenly responsible for coordinating the efforts of agencies^involv^ 
hi deploying the network. As such, it will be responsible lOr build- 
ing consensus among the agencies on network standards and poli- 
ci^, in accordance with the general policy guidance provided by 
KCCSET 

NSF already serves as lead agency for the Internet, the precur- 
sor to the NREN. NSF's NSFNET is the largest component of the 
Internet and is growing rapidly, in part because NSF has been able 
to bring together hundreds of State, local, and PJ-^at^^^^^f^^f ; 
works within the NSFNET structure. It appears that t^e key to th. 
success of the NSFNET has been the flexible, deceng-aliM^^ 
agement of the network. While NSF funds the NSFNET back- 
bone," most users of NSFNET are connected to the network by re- 
gional networks, like SURANet or CERFNet, which are primardy 
funded by States and network users. NSF has cooperated and co- 
ordinated with the dozens of regional and local networks connected 
to the NSFNET backbone. In addition, NSF has worked closely and 
effectively with the communications and computer industries in ex- 
oandine and upgrading its network. 

^ Sut^?iJ»n(b) requires that the NREN provide users with appro- 
priate access to supercomputers, computer data bases, other re- 
^arch facmties, and libraries. Access policies clearly would be de- 
termined bv whoever owns or controls such resources. , . , 

!ScoXg to subsection (c). the NREN is to be developed in clo^ 
cooperation with the computer, telecommumcations. and mfor^^^ 
tion industries and is to be designed, developed, , and opera^^^^ 
collaboration with potential users m government, industry, and the 
education community, including researchers, librarians, educators, 
and information services providers. 
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Subsection (d) requires that the NREN be established in a 
manner that fosters and maintains competition within the telecom- 
munications industry and promotes the deployment of mtercon- 
nected high-speed data networks by the private sertor. Acconlmgly, 
to the maximum extent practicable, operating facilities for the 
NREN should be procured on a competitive basis from private in- 
dustry, and the NREN shall be phased into commercial operation 
as commercial networks can meet the networking needs of Ameri- 
can researchers and educators. In addition, the agencies deploying 
the NREN are to promote research and development leading to de- 
ployment of commercial data communications and telecommunica- 
tions standards. , . i. / \ «„j fA\ 
One way to meet the goals enumerated in subsections (c) and (d) 
is to develop and operate the NREN in much the same way as 
NSFNET, which is a national computer network connecting the 
four NSF supercomputer centers and over 500 colleges and univer- 
sities. NSF funds the high-speed (1.5 million bits per second), inter- 
state NSFNET "backbone" which connects the supercomputer cen- 
ters and other facilities. Regional networks, both private ana non- 
profit, connect the backbone to individual colleges and universities 
which in turn have their own local campus networks. Ihe 
NSFNET backbone is managed by ANS, Advanced Networks and 
Services, a not-for-profit corporation created by MCI Telecommuni- 
cations, IBM, and MERIT, a consortium of Michigan univereities. 
ANS provides fiber optic telephone lines and computer hardware 
as well as technical expertise. This kind of industry-governnient- 
academia partnership provides for the rapid development ot 
networking technology and its rapid dissemination. 

Subsection (e) requires that the NREN, to the extent practicable, 
provide access to electronic information resources maintained by li- 
braries, research facilities, publishers, and affiliated organizations. 
To encourage use of the NREN by commercial inforniation and net- 
work service providers, mechanisms for charging for the use ot 
copyrighted material available over the NREN are to be imple- 
mented, where technically feasible. These mechanisms should be 
developed and implemented in collaboration with private-sector in- 
formation providers, as soon as possible. Tliey need not (and, pret- 
erably, should not) await completion of the OSTP Director s report 
on commercial access, copyright and related issues, as required by 
subsection (i) of this section within one year after enactment, ihese 
mechanisms should not be implemented without due consideration 
of both the rights of authors and the rights of users of copyrighted 
material, and specifically, of the fair use of copyrighted works for 
teaching, scholarship, or research. The institution of charging 
mechanisms will be technically difficult when gigabit networking 
technology is in its infancy, but the inability to install such mecha- 
nisms should not delay the deployment of a gigabit network. 

Subsection (f) designates DARPA as the lead agency for develop- 
ing the gigabit networking technology needed to create the INKlJiiM. 
DARPA has a long history of funding computer network technolo- 
gHn the late 1960s, DARPA helped create ARPANET tha first 
national computer network. Networking technology developed with 
DARPA funding has been applied broadly in both the military and 
the civilian sector. In its lead agency role, DARPA will continue to 
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provide funding for development of NREN technology and will be 
responsible for coordinating, under the aegis of FCCSET, with 
other agencies in developing technology, protocols, and applications 
for the NREN. 

Subsection (g) requires that FCCSET, within one year after the 
enactment of the bill, shall develop goals, strategy, and priorities 
for the NREN; identify the roles of Federal agencies and depart- 
ments in implementing the NREN; and provide a mechanism to co- 
ordinate the activities of Federal agencies, States, and public and 
private network ser\'ice providers in deploying the NREN. FCCSET 
also is to oversee the operation and evolution of the NREN and 
manage connections between computer networks of Federal agen- 
cies. In this role, FCCSET is to determine conditions for access to 
the NREN and identify how existing and future computer net- 
works of Federal agencies could contribute to the NkEN. The 
President is to report to Congress within one year after *?nactment 
of this legislation on the implementation of this subsection. 

At present, the Internet is coordinated by the Federal Network- 
ing Council (FNC), which consists of representatives of the various 
Federal agencies contributing to and using the Internet. The FNC 
was created under the auspices of NSF and has proven to be a very 
successful mechanism for coordinating the networking activities of 
the participating agencies. By pooling resources and sharing net- 
works, these agencies have been able to save money while creating 
a network far larger and more capable than any one agency could 
afford on its own. 

The successful interagency coordination needed to create and 
maintain the Internet would not be possible without the spirit of 
cooperation fostered by the FNC. While NSF created the FNC and 
is responsible for facilitating cooperation between the member 
agencies, no one agency is "in charge" in the sense that it can dic- 
tate to another agency how that agency must operate its mission- 
related networks. Any agency is free to disconnect its networks 
from the Internet, if it believes that it more effectively can meet its 
networking needs in that way. 

The management structure of the Internet continues to evolve 
and will change as more participants, especially from the private 
sector, become involved. The bill requires FCCSET to establish a 
mechanism to coordinate deployment of the NREN and to oversee 
the operation and evolution of the NREN. The Committee antici- 
pates that FCCSET will do this through the FNC or its successors, 
so that the excellent cooperation that now exists between contribu- 
tors to the network will continue. 

Subsection (h) directs NIST, NSF, and DARPA to adopt a 
common set of standards and guidelines to provide interoperability, 
common user interfaces to systems, and enhanced security for the 
NREN, so that different Federal agency networks can be linked to- 
gether. In addition, NSF, NASA, DOE, DOD, DOC, the Department 
of the Interior, the Department of Agriculture, the Department of 
Health and Human Services, EPA, and other appropriate agencies 
are authorized under this subsection to allow recipients of Federal 
research grants to pay for computer networking expenses. Current- 
ly, most Federal agencies forbid grant recipients from using grant 
money for any type of telecommunications expenses. Providing 
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fu-iding for computer networking would increase the productivity 
of" researchers, who are increasingly dependent upon computers 
and computer networks to manipulate, search, store, and share 

^^sJl^aion (i) requires that the Director of OSTP, through 
FCCSET, shall report of Congress on how the NREN can be 
funded, how it will be phased into commercial operation, how the 
security of resources available on the NREN and the privacy of 
users will be protected, and how commercial iviformation service 
providers can use the NREN effectively. 

SECTION 6.— ROLE OF THE NATIONAL SCIENCE FOUNDATION 

Under subsection (a), NSF shall expand its traditional role in 
supporting basic research in universities and colleges, and in train- 
ing scientists and engineers in computer science, computational sci- 
ence library and information sciences, and electrical engineering. 
In pkrticular, NSF is to provide funding to enable researchers to 

^Trfor TdSmt^^^^ of the NREN, NSF is directed to maintain, 
expand, and upgrade its existing computer networks like 
NSFNET Additional NSF responsibilities may include promoting 
development of information services and data bases available over 
such computer networks; facilitation of the documentation, evalua- 
tion, and distribution of research software over such computer net- 
works; encouragement of continued development of innovative sott- 
ware by industry; and promotion of science and engineering educa- 

Under subsection (b), NSF also is to P/on^o^e <ievelopment of in^ 
formation services that could be provided over the NREN. Nbf will 
help provide access to "digital libraries" of video programming, 
books and journals stored in electronic form and other computer 
data. NSF can provide access to the NREN J 
non-profit information service providers and to other Federal agen- 
cies which maintain electronic data bases. Thus, NREN users wi 1 
have access to commercial information services like Lexus-wexis 
and Dialog, with appropriate mechanisms for charging customers 
of these services. NSF also is to provide for orientation and train 
inp of users of networks and data bases, by providmg training soft- 
ware on networks and by providing experts to guide and teach 
users of networks. While this legislation does not provide the tund- 
ing needed to create, upgrade, or maintain 3ctronic data bases, it 
will fund the development of the technology and standards needed 
to build and improve such data bases and make them more accessi- 
ble and easy-to-use. wpi?m tn Hp 
The information services made available on the WKJ^IM is to oe 
provided with appropriate protection for the copyright and other 
intellectual property rights of information providers and NR^^^ 
users. The implementation of clear copyright policies, and of appro- 
priate remuneration mechanisms for information providers, are 
critical if commercial information providers are to rely on tne 
NREN for dissemination of their products. ■ „ 

While S 272 will provide for new mechanisms for improving tne 
dissemination of data bases of Federal Government information. 
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this legislation does not change Federal information dissemination 
policies. The legislation neither requires nor forbids any agency to 
develop or disseminate to the public any particular information 
products or service. Information policy statutes, regulations, and di- 
rectives continue to govern the objectives, procedures, and condi- 
tions of information dissemination by agencies and departments. 

Subsection (c) provides authorizations for NSF in addition to the 
amounts authorized under other law. The amounts authorized (in 
millions of dollars) are: 







FiscH year— 






Total 




1992 


1993 1994 


1995 


1996 


Total 


46 


83 145 


172 


199 


550 


for networking 


- 15 


25 55 


50 


SO 


195 



SECTION 7. — ROLE OP THE NATIONAL AERONAUTICS AND SPACE 

ADMINISTRATION 

Under subsection (a), NASA shall continue to conduct basic and 
applied research in high-performance computing, particularly in 
the field of computational science, with emphasis on aeronautics 
and processing of remote sensing and space science data. 

In addition to amounts authorized under other laws, there is au- 
thorized under subsection (6) to NASA (in millions of dollars) the 
following amounts: 



Fiscal year: 

1992 22 

1993 45 

1994 67 

1995 89 

1996 115 



Total :i38 



SECTION 8. — ROLE OF THE NATIONAL INSTITUTE OF STANDARDS AND 

TECHNOLOGY 

Under subsection (a), NIST, in cooperation with other agencies, is 
directed to adopt standards and guidelines, and develop measure- 
ment techniques and test methods, for the interoperability of high- 
performance computers in networks and for common user inter- 
faces to systems to enable government networks to be linked to- 
gether. These standards will be adopted with the advice and input 
of private industry and shall provide enhanced security for the 
NREN. In addition, NIST is to be responsible for developing bench- 
mark tests and standards for high-performance computers and soft- 
ware, and shall continue to fulfill its responsibilities under the 
Computer Security Act of 1987. Furthermore, work being done at 
NIST, su"h as measurement research and development needed to 
develop a ivanced optical fibers and optoelectronic components for 
high-performance optical fiber communications, will contribute to 
the National HPC Program. 

PS 
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In addition to amounts authorized under other laws, there is au- 
thorized under subsection (b) to NIST (in millions of dollars) the 
following amounts: 

Fiscal year: o 

1992 J 

1993 t 

1994 a 

1995 ,1 

1996 

Total '^^ 

SECTION 9— STUDY ON IMPACT OF FEDERAL PROCUREMENT 

REGULATIONS 

This section requires that, within one year of enactment of this 
legislation, the Secretary of Commerce shall report to Congress on 
the impact of Federal software regulations which require that con- 
tractors share the rights to proprietary software development tools 
and on whether such procurement regulations discourage the de- 
velopment of better software development tools. It is expected that 
this report will be written in consultation and cooperation with 
DOD, NASA, and other agencies which contract for large amounts 

of customized software. „ ^ ♦ »u 

At present, in most agencies, if a contractor sells software to tne 
government, that contractor not only must provide the software 
itself, but also must provide the software used to develop it. loday 
many software companies use proprietary software tools to stream- 
line software development, and these tools can require more money 
and manpower to make than the software that they are used to 
produce. Because of anachronistic procurement regulations, compa- 
nies are discouraged from developing better, easier-to-use software 
tools, and if they do develop them, they do not use them to produce 
government software, resulting in the government's paying higher 
prices for lower-quality software. 

SECTION 10.— MISCELLANEOUS PROVISIONS 

Subsection (a) exempts computer systems used to process classi- 
fied information from the provisions of this bill, unless the appro- 
priate Federal agency or department head determines that the pro- 
visions should apply. , , * o 

Subsection (b) directs Federal agencies and departments, wnere 
appropriate, to procure prototype or early production models ot 
new high-performance computer systems and subsystems to stimu- 
late hardware and software development. In the 1970 s, several 
Federal agencies, including DOE, DOD, and NSA purchased proto- 
type or early production models from American computer manutac- 
turers. Such purchases gave fledging companies like Cray Re- 
search, Inc., the money they needed to become viable companies. 
Equally important, Cray and other companies were able to have 
their machines tested by scientists and enginsers working on rea 
problems. The first Cray 1 was installed at Los Alamos National 
Laboratory before Cray had been able to complete the systems sott- 
ware for the new machine. 
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Unfortunately, in recent years, many agencies have been discour- 
aged from making purchases of prototypes by regulations stem- 
ming from the so-called "Brooks Act" and other laws regulating 
Federal purchases of computer equipment. Althouth this was not 
the intent of the Brooks Act, regulations resulting from that Act 
make it difficult for an r^ency to contract to buy a supercomputer 
before it is in production. Unfortunately, without such pre-produc- 
tion contracts, a fledgling supercomputer company is unlikely to 
survive. This section makes clear that Federal agencies can and 
should buy prototype and early production models of leading-edge, 
high-performance computer systems and subsystems. Such pur- 
chases provide critically-needed opportunities to test new design 
concepts and can be particularly effective in promoting commer- 
cialization of leading-edge technologies. 

The bill highlights the need for special emphasis on pre-produc- 
tion purchases of advanced display technology (which will be 
needed for HDTV and, after that, digital TV), supercomputers with 
alternative architectures, advanced storage devices, and very high- 
speed (multi-gigabit-per-second) communications links. DARPA has 
played a particularly important role in funding research and devel- 
opment contracts for such prototypes where the commercial mar- 
ketplace would not supply the speculative capital needed for such 
worthy development projects. While this legislation encourages 
DARPA and other agencies to purchase a limited number of initial 
prototype machines, it is important that Federal agencies not pick 
corporate "winners and losers" when procuring equipment that is 
beyond the prototype stage. 

Changes in Existing Law 

In compliance with paragraph 12 of rule XXVI of the Standing 
Rules of the Senate, changes in existing law made by the bill, as 
reported, are shown as follows (existing law proposed to be omitted 
is enclosed in black brackets, new material is printed in italic, ex- 
isting law in which no change is proposed is shown in roman): 

National Science and Technology Poucy. Organization and 

Priorities Act of 1976 

Titles I through VI ' * * 

TITLE VII~NATIONAL HIGH-PERFORMANCE COMPUTING 

PROGRAM 

NATIONAL HIGH-PERFORMANCE COMPUTING PLAN 

Sec. 701. (aXl) The President, through the Federal Coordinating 
Council for Science, Engineering, and Technology (hereafter in this 
title referred to as the ^'Council ), shall, in accordance with the pro- 
visions of this title — 

(A) develop and implement a National High-Performance 
Computing Plan (hereafter in this title referred to as the 
''Plan"); and 

(B) provide for interagency coordination of the Federal high- 
performance computing program established by this title. 
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The Plan shall contain recommendations for a five-year national 
effort and shall be submitted to the Congress within one year after 
the date of enactment of this title. The Plan shall be resubmitted 
upon revision at least once every two years thereafter, 

(2) The Plan shall— ^ . . ^ _ , , . . . 

(A) establish the goals and priorities for a Federal nigh-per- 
formance computing program for the fiscal year m which the 
Plan (or revised Plan) is submitted and the succeeding four 

fiscal years; „ , , j * * 

(B) set forth the role of each Federal agency and department 
in implementing the Plan; and 

(C) describe the levels of Federal funding for each agency and 
department and specific activities, including education, re- 
search activities, hardware and software development, estab- 
lishment of a national gigabitS'per-second computer network (to 
be known as the National Research and Education Network), 
and acquisition and operating expenses for computers and com- 
puter networks, required to achieve the goals and priorities es- 
tablished under subparagraph (A). 

(3) Accompanying the Plan shall be— , , . . ^ 

(A) a summary of the achievements of Federal high-perform- 
ance computing research and development efforts during that 
preceding fiscal year; . 

(B) an analysis of the progress made toward achieving the 
goals and objectives of the Plan; and 

(C) an\ recommendations regarding additional action or legis- 
lation which may be required to assist in achieving the pur- 
poses of this title. 

(4) The Plan shall address, where appropriate, the relevant pro- 
grams and activities of the following Federal agencies and depart- 
ments: 

(A) the National Science Foundation; . xr , 

(B) the Department of Commerce, particularly the National 
Institute of Standards and Technology, the National Oceanic 
and Atmospheric Administration, and the National Telecom- 
munications and Information Administration; 

(C) the National Aeronautics and Space Administration; 

(D) the Department of Defense, particularly the Defense Ad- 
vanced Research Projects Agency; 

(E) the Department of Energy; 

(F) the Department of Health and Human Services, particu- 
larly the National Institutes of Health and the National Li- 
brary of Medicine; . TT 4 ^ 

(G) the Department of the Interior, particularly the United 

States Geological Survey; 

(H) the Department of Education; . xr , / 

(I) the Department of Agriculture, particularly the National 
Agricultural Library; and n. j * 

(J) such other agencies and departments as the President or 
the Chairman of the Council considers appropriate. 
(5) In addition, the Plan shall take into consideration the present 
and planned activities of the Library of Congress, as deemed appro- 
priate by the Librarian of Congress. 
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(6) The Plan shall identify how agencies and departments can col- 
laborate to — , 

(A) ensure interoperability among computer networks run by 

the agencies and departments; 

(B) increase software productivity, capability, portability, and 

reliability; . j i ^ i 

(C) expand efforts to improve, document, and evaluate unclas- 
sified public-domain software developed by federally-funded re- 
searchers and other software, including federally-funded educa- 
tional and training software; . / 

(D) cooperate, where appropriate, with industry in develop- 
ment and exchange of software; 

(E) distribute software among the agencies and departments: 

(F) distribute federally-funded software to State and local 
go jemments, industry, and universities; 

(G) distribute Federal agency data bases and information; 

(H) accelerate the development of high-performance computer 
systems, subsystems, and associated software; 

(I) provide the technical support and research and develop- 
ment of high-performance computer software and hardware 
needed to address Grand Challenges in astrophysics, geophysics, 
engineering, materials, biochemistry, plasma physics, weather 
and climate forecasting, and other fields; 

(J) provide for educating and training additional undergrad- 
uate and graduate students in software engineering, computer 
science, library and information science, and computational sci- 
ence; and . 

(K) identify agency rules, regulations, policies, and practices 
which can be changed to significantly improve utilization of 
Federal high-performance computing and network facilities, 
and make recommendations to such agencies for appropriate 

(7) The Plan shall address the security requirements and poli- 
cies necessary to protect Federal research computer networks 
and information resources accessible through Federal research 
computer networks. Agencies identified in the Plan shall define 
and implement a security plan consistent with the Plan. 

(b) The Council shall— ^ r 

(1) serve as lead entity responsible for development of me 
Plan and interagency coordination of the program established 
under the Plan; 

(2) coordinate the high-performance computing research ana 
development activities of Federal agencies and departments and 
report at least annually to the President, through the Chairmau 
of the Council, on any recommended changes in agency or de- 
partmental roles that are needed to better implement the Plan; 

(3) review, prior to the President's submission to the Congress 
of the annual budget estimate, each agency and departmental 
budget estimate in the context of the Plan and make the results 
of that review available to the appropriate elements of the Exec- 
utive Office of the President, particularly the Office of Manage- 
ment and Budget; and 
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(J^) consult and coordinate with Federal and State agencies, 
and research, educational, and industry groups, conducting re- 
search on and using high-performance computing, 
(c) The Director of the Office of Science and Technology Policy 
shall establish an advisory committee on high-performance comput- 
ing consisting of prominent representatives from industry and aca- 
demia who are specially qualified to provide the Council with 
advice and information on high-performance computing. The advi- 
sory committee shall provide the Council with an independent as- 
sessment of— 

(1) progress made in implementing the Plan; 
i:^) the need to revise the Plan,; 
(S) the balance between the components of the Plan; 
(4) whether the research and development funded under the 
Plan is helping to maintain United States leadership m com- 
puting technology; and 

\5) other issues identified by the Director. 
(dXl) Each appropriate Federal agency and department involved 
in high-performo.nce computing shall, as part of its annual request 
for appropriations to the Office of Management and Budget, submit 
a report to the Office identifying each element of its high-perform- 
ance computing activities, which — 

(A) specifies whether each such element (i) contributes primar- 
ily to the implementation of the Plan or (ii) contributes primari- 
ly to the achievement of other objectives but aids Plan imple- 
mentation in important ways, and 

(B) states the portion of its request for appropriations that is 
allocated to each ciich element. 

(2) The Office of Management and Budget shall review each such 
report in light of the goak. priorities, and agency and departmental 
responsibilities set forth in the Plan, and shall include, in the Presi- 
dent's annual budget estimate, a statement of the portion of each 
appropriate agency or department 's annual budget estimate that is 
allocated to each element of such agency or department's high-per- 
formance computing activities. 

(e) As used in this section, the term ''Grand Challenge'' means a 
fundamental problem in science and engineering, with broad eco- 
nomic and scientific impact, whose solution will require the appli- 
cation of high-performance computing resources. 

O 
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